ABSTRACT. A total of 1,335 archived human sera collected in 1985 from an area in Japan where a tick-borne disease is endemic were examined by indirect immunofluorescence antibody test (IFAT) to estimate seroprevalence against three serologically distinct types of Babesia microti-like parasites; namely, Hobetsu, Kobe, and U.S. types. Eighteen sera (1.3%) were found to be IFAT-positive (titer 1:100-1:6,400), of which 14 and three were ascertained by Western blot analysis to be positive against the Hobetsu and Kobe types, respectively. In addition, four sera showed an IFAT titer of 1:100 against the U.S. type, but they appeared to be false-positive because they were cross-reactive against the Hobetsu and Kobe types, and also because a U.S.-type parasite has not been found in Japan. Our results suggest that human babesiosis in Japan occurred prior to the discovery of the index case in 1999 and that the infections were caused mainly by Hobetsu-type parasites.
Human babesiosis is a tick-transmitted zoonosis caused by intraerythrocytic protozoan parasites of the genus Babesia [5, 8, 21] . The cases of human babesiosis reported to date include over 20 caused by Babesia divergens in Europe [5] and hundreds with additional tens per year caused by B. microti in the United States [8] . Meanwhile, no human cases were reported in Japan until quite recently, despite the clearly documented presence of B. microti-like parasites among the large Japanese field mice, Apodemus speciosus [20] .
In our previous studies [13, 19] , we investigated the first case of transfusion-acquired, symptomatic human babesiosis in Japan, which occurred in Kobe, Hyogo Prefecture, in 1999. Seemingly identical B. microti-like parasites (designated as the Kobe type) were isolated from both the patient and an asymptomatic carrier who had donated the units of blood that were transfused into the patient. The same type of parasite has also been found in Apodemus mice captured near the donor's residential area [22, 23] . More recently, however, we have isolated a number of B. microti-like parasites from wild rodents captured at various places in Japan, and found that another type of parasite (designated as the Hobetsu type), which differs antigenically and genotypically from the Kobe type, is the major type distributed among Japanese small wild rodents [22] . Thus, at least two types of indigenous B. microti-like parasites (Kobe and Hobetsu types) exist in Japan, both of which are phylogenetically related closely to, but antigenically distinct from, B. microti sensu stricto (designated as the U.S. type in this study) which is distributed in regions of northeastern United States where human babesiosis is endemic.
Although epidemiological information on human babesiosis currently available in Japan is still very limited, evidence reported by Shiota et al. [20] nearly two decades ago, together with that currently accumulating in our ongoing studies, suggests that the infection cycles between the rodent reservoir and the tick vector of these two types of B. microti-like parasites may have been established in Japan long before. Even though no human babesiosis case had been reported in Japan before 1999, the infections in humans might have simply been undetected for many years. In the present study, therefore, we conducted a retrospective seroepidemiological survey to obtain further evidence to support this point of view, and also to obtain an estimate of seroprevalence among Japanese. Another aim of this study was to determine whether there is any human serum that contains specific antibodies against the Hobetsu-type B. microti, because susceptibility of humans to this newly identified parasite has not been determined yet.
MATERIALS AND METHODS

Serum samples:
The sera examined in the present study were obtained from 1,335 residents (average age of 57.4, ranging from 21 to 89; 476 males, 776 females and 83 unidentified) in a rural area of southern Boso Peninsula, Chiba Prefecture, Japan. The serum samples were collected in 1985 for serosurvey of Japanese Spotted Fever [12] , a ticktransmitted rickettsiosis that is endemic in that area [6] , and have been stored since then at -20°C.
Parasites: Two Japanese B. microti-like parasites, namely, strains Ko524 and Ho234, and a B. microti isolate from the United States, the Gray strain, were used in this study. Strain Ko524 [19] was isolated from the Japanese index case patient in Kobe City, Hyogo Prefecture, Japan [13] . Strain Ho234 was isolated from a large Japanese field mouse (Apodemus speciosus) captured in Hokkaido [23] . These two Japanese strains were serologically distinct, and were used as the type strains of Kobe-and Hobetsu-type parasites, respectively. The Gray strain was originally isolated from the United States index case patient [4] , and was used as the type strain of U.S.-type B. microti. All the parasites were propagated in splenectomized hamsters, from which parasitized erythrocytes were obtained when they had 30-50% parasitemia.
Indirect immunofluorescent antibody test (IFAT):
The method of IFAT has previously been described [19] . Two steps of screening tests were performed for selection of antibody-positive sera. For the primary screening, antigencoated IFAT slides were prepared with a mixture of erythrocytes infected with each of strains Ko524, Ho234 and Gray. The mixed erythrocytes had a parasitemia of 45% (approximately 15% for each one of the three strains). Thin smeared blood film was made by spreading the erythrocytes in each well of a 24-well HT Coating Slide (MS 342 BL; Bokusui Brown, Tokyo, Japan). For the secondary screening and subsequent antibody titration, IFAT slides were prepared individually with each one of the three strains. In both the primary and secondary screening tests, serum samples were diluted 1:25 with phosphate bufferd saline (PBS), pH 7.2, containing 1% BSA and 0.05% NaN 3 , 15 µl of which was added to each well of antigen-coated slides. After 1-hr incubation at room temperature, the slides were washed in PBS, and 15 µl of fluorescein isothiocyanate-labeled secondary antibody was added to each well. Affinity purified IgG F(ab') 2 fragment of goat anti-human IgG, IgA and IgM (Jackson ImmunoResearch Laboratories, Inc., West Grove, Pa.) at 1:100 dilution in 0.1% BSA-PBS was used as the secondary antibody. The IFAT slides were incubated at room temperature for 1 hr, followed by washing in PBS. Component A of the Slowfade antifade kit (Molecular Probes, Eugene, Oreg.) was mounted onto each well, and cover glasses were placed on the slides. Fluorescent parasites in erythrocytes were observed under a fluorescence microscope at a magnification of 200 ×. Serial 2-fold dilutions starting from 1:25 were made for the sera that were selected through the secondary screening tests, and their antibody titers were determined by IFAT in the same manner.
Western blot analysis: The procedure of Western blot analysis has been described previously [1, 23] . Babesiainfected erythrocytes were lysed at 4°C in a solution consisting of 10 mM Tris-HCl and 10 mM EDTA (pH 7.5), followed by centrifugation at 10,000 × g for 10 min. The resulting pellets were washed four times in the same solution, and then resuspended in 125 mM Tris-HCl (pH 6.5) containing 5% β-mercaptoethanol, 2% sodium dodecyl sulfate, 10% glycerol, and 0.1% bromophenolblue. The samples were heated at 98°C for 5 min, vigorously vortexed, and subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis in 7.5% acrylamide gels. Proteins were electrophoretically transferred to Fluorotrans membranes (Pall BioSupport, Port Washington, N.Y.). After blocking with PBS containing 0.5% casein, the membranes were allowed to react overnight with human sera diluted at 1:100, followed by reaction with alkaline phosphatase-conjugated secondary antibodies (affinity purified IgG F(ab') 2 fragment of goat anti-human IgG, IgA and IgM; Jackson ImmunoResearch Laboratories, Inc., West Grove, Pa.). Convalescent phase sera from infected hamsters were used as positive control antibodies, which were detected with alkaline phosphatase-conjugated anti-hamster IgG (Jackson ImmunoResearch Laboratories, Inc.). Antibody reaction was visualized b y stain in g w ith 5 bro mo-4-chloro-3 -indolylphosphate-nitroblue tetrazolium alkaline phosphatase substrates kit IV (Vector Laboratories, Inc., Burlingame, Calif.).
RESULTS
Survey by IFAT:
Two steps of screening IFAT were carried out with a total of 1,335 archived sera collected in 1985 from apparently healthy residents in the southern Boso Peninsula, Chiba Prefecture, Japan. For the primary screening, the sera at 1:25 dilution were tested against a mixed IFAT antigen consisting of strains Ho234 (Hobetsu type), Ko524 (Kobe type) and Gray (U.S. type). This screening gave rise to 60 tentatively positive sera, which were then tested separately against each of the three types. By this secondary screening test, 43 of the 60 sera were found to be reactive at 1:25 dilution against either one or more of the three types. Serial 2-fold dilutions were made with these 43 sera, and antibody titers were determined against the three parasite antigens. Of the 43 sera, 21 showed fluorescent reaction at 1:25 or 1:50, which were taken as the borderline. The other 22 samples exhibited fluorescent reaction at 1:100 or higher, which was considered to be IFAT-positive. Their antibody titers against each of the three parasite antigens are listed in Table 1 , which shows that 15 and three sera were positive against the Hobetsu and Kobe types, respectively, and that these sera reacted mainly against a single type of parasite antigen. There were four sera that were fluorescent-positive at 1:100 dilution against the U.S. type, but they were crossreactive against the other types. These sera were considered to be false-positive because of the reasons described in Discussion.
Western blot analysis: The presence of specific antibodies in the 22 IFAT-positive sera was further ascertained by Western blot analysis. Of the 16 sera that exhibited IFAT titers of 1:100 or higher against the Hobetsu type, 14 reacted with an immunodominant 37 kDa antigen of strain Ho234 (Fig. 1) . Of the 14 sera, two (nos. 432 and 979) additionally reacted with a 35 kDa antigen. The other two (nos. 371 and 504) that had an IFAT titer of 1:100 against the Hobetsu type showed either no band or bands not corresponding to those seen with a control serum. The antibody titers of IFAT were correlated roughly with the intensities of the 37 kDa bands. Three sera (nos. 1091, 1097 and 1250) that had IFAT titers of 1:100 or higher against the Kobe type reacted with an immunodominant 43 kDa protein of Ko524 strain (Fig. 2a) . Four sera (nos. 371, 468, 988 and 1038) that had an IFAT titer of 1:100 against the Gray strain did not show any specific band in Western blot analysis with the same parasite antigen (Fig. 2b) .
DISCUSSION
In this retrospective seroepidemiological survey, we were able to obtain evidence suggesting that some Japanese had been exposed to the Hobetsu-or Kobe-type B. microti-like parasites nearly two decades ago. The presence of specific antibodies in humans against a Hobetsu-type parasite is a significant finding, because it suggests that this type of parasite is capable of infecting humans: evidence for this was not previously available because all the Hobetsu-type parasites isolated to date were obtained only from wild rodents, not from humans. The archived sera tested in the present study were collected in 1985, 14 years before the discovery of the first human babesiosis case in Japan [13] . Thus, it became apparent that despite the absence of reported case before 1999, the disease had long been in the country without being detected. All the sera were obtained from apparently healthy people, but it is not known whether or not those who were found to be sero-positive in the present study had any clinical symptom of babesiosis. Also not known is whether or not these sero-positive individuals were carriers of Babesia parasites. An attempt to detect babesial DNA in the antibody-positive sera by nested PCR was unsuccessful (S. Arai, unpublished data).
The Japanese index case patient who developed severe clinical symptoms of babesiosis [13] proved to have been infected by blood transfusion from an asymptomatic carrier [19, 23] who was a resident of Awaji Island of Hyogo Prefecture [22] . Meanwhile, the human sera examined in the present study were obtained from a rural area of southern Boso Peninsula in Chiba Prefecture, which was far away from Awaji Island (approximately 500 km apart). Even though there is no geographically meaningful connection between these two places, both are known to be the regions where the Japanese Spotted Fever [12] , another tick-borne disease caused by Rickettsia japonica, is endemic [6, 7] . In both southern Boso Peninsula and Awaji Island, ticks are abundant during spring and summer in mountainous bushy areas, but whether or not the co-existence of babesiosis and rickettsiosis is linked to the presence of any tick species common in both the places is not clear, as the vector ticks transmitting these two diseases have not been identified yet. In our epizootiologic field surveys [22] , we were able to capture wild rodents harboring B. microti-like parasites in various places in Japan, including Hokkaido, Chiba, Shiga, Hyogo, Shimane and Tokushima Prefectures. Interestingly, clinical cases of tick-borne diseases have been reported from most of these places; Japanese Spotted Fever from Chiba, Hyogo, Shimane and Tokushima Prefectures [12] , and Lyme borreliosis from Hokkaido [15] . In our IFAT, serum samples exhibiting antibody titers of 1:100 or higher were considered to be positive, because those sera exhibited specific fluorescent reaction patterns that are consistent with the shapes of parasite bodies within the erythrocytes. This cut-off level is more conservative than those reported in other studies [3, 9, 10] or that in the standardized IFAT protocol used in the Centers for Disease Control and Prevention, which is 1:16 or higher. In the present study, as many as 21 additional samples were florescence-positive at 1:25 or 1:50 dilution, but we left these samples as "borderline", because many of them not only exhibited weak fluorescence but also showed a tendency to cross-react against two or three antigenically distinct parasite antigens. This is in contrast to the samples having high IFAT titers (1:200 or higher), which displayed evident fluorescence against a single serotype with minimal or no crossreaction against the other types (Table 1 ). An analogous finding was also obtained when we tested the serum samples against U.S.-type B. microti. We found four sera that had an IFAT titer of 1:100 against a U.S.-type antigen, despite that a parasite belonging to this type has not yet been isolated in Japan [22] . All the four sera showed cross-reaction against either one or both of the Hobetsu and Kobe types, suggesting that our IFAT may not have detected antibodies which were raised by an infection with a U.S.-type parasite, but may have detected antibodies recognizing some widely cross-reactive antigens, such as heat shock proteins [15] and nuclear antigens [16] , against which antibodies might be raised by other infectious agents [15, 17] or due to some autoimmune diseases [2, 25] .
We found that 17 of the 1,335 serum samples (1.3%) were unequivocally positive against Japanese B. microtilike parasites, based on the results of both IFAT and Western blot analysis. Even though this prevalence rate is lower than those reported from babesiosis-endemic regions in the northeastern United States [3, 9, 11, 18] , it was unexpectedly high for us because human babesiosis had long been believed not to exist in Japan. However, since the present study was performed with sera collected from an area where a tick-borne disease is endemic, prevalence rates in other regions of the country may be much lower than that, especially in urban areas where the majority of the Japanese population reside and where tick-borne diseases are not endemic.
The number of sera that were positive against the Hobetsu type was larger than that against the Kobe type; 14 and three, respectively. This finding was consistent with the results of our previous study [22] , which revealed that the Hobetsu type is the predominant type of parasites distributed throughout the country. Thus, it would be expected that Japanese may be exposed to the Hobetsu-type parasites more frequently than to Kobe type. Nonetheless, the first case patient in Japan was infected with Kobe-type, not Hobetsu-type, parasites. Although the exact reason for this occurrence is unknown, it may be that the Hobetsu-type parasites are less virulent than the Kobe type, so many Japanese might have been infected with this type only asymptomatically.
Previously, we speculated that Kobe-type parasites may have emerged very recently because of its confined geographic distribution and the sudden appearance of a human case due to this type [22] , but it is probably not the case because the present survey demonstrated the presence of archived sera that were positive against Kobe-type parasites. In both this and previous studies [22] , we were unable to obtain any evidence for the presence of U.S.-type parasites in Japan. It may be interesting to find whether or not this apparent absence of U.S.-type B. microti is relevant to the seemingly rare occurrence of symptomatic human babesiosis cases in the country, which is in contrast to the relatively frequent clinical cases reported from endemic areas in the Unites States [24] .
